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WORK_DONE_DURING THE MONTH OF AUGUST 1958

SYSTEM EVALUATI ON, PROGRAM

The program of re-evaluation of the interior ballistics, mentioned
In the July Progress Report, was completed during the month, Static tests

have been completed and conflrmed by dynamlic fllight tests, The propellant

B

conf!gutqfi*on fhus arrived at may be conslidered as final, Out-cf~| auncher
burning and double burning _have been el iminated,

. The néw method of setting off the primer in the ignition system hes
been checked out; and Is being finallzed, th the compietion of the above
tasks, the project has started its flnaltzing‘s‘rage. Flinal components for
motors and HEAT heads are expected during September and early October, The

two areas which still need to be checked out are the launcher tube and the

fuze, '

MOTOR DEVELOPMENT PROGRAM

INTERIOR BALLISTICS

Evaluation of the results obtained during July and August by static

firings show that confliguration No. I, T.e., a reduction In the wall thickness

T o =L TR
Crlzg v b

of the propeliant of ,010" and an'increase of the propellant length to a dimen~

=

sion of 4.92", will result In satisfactory interior ballistics, The following

table shows the results of an additlonal static test conducted 14 August 19582
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Round No. __ (Dew\. 102 B, T. Mex. Press, (AEg T./l ntegral  Mean Press%
[ = { S\ \vé/
133 651 013 5,333 (605 3,255
134 ’8505% 7,012 @.\» 655 3,820
135 351 014 Js, 633 644 3,790
136 100 - .on,ss.,..--.-\-ls,oa‘t . 6,335 3,750
Rods '
137 849 013 \e,833 \ 640 3,040
Rods .
128 300 .015 5,675 6, 449 3,419
Rods
139 517~ 016 \ 5,467 6,552 2,870
Rods ‘

%g?y oﬁjﬁﬁ
Average Maximum Pressure: 5, 984 A,U

g

The curves are shown In photographs with the corresponding numbers
In the sppendix. The burning time has been reduced fo 2 value of .020 seconds
with the cold temperature rounds. This should ferminate the burning of the

propellant still within the launcher,

Based on the resuits of the static tests, a dynamic test was conducted
on |2 August 1958, Elght rounds were fired at the cold temperature and eight
at the hot temperature using propellant with and without aluminum rods. The

tabulation of this test was as fol lows:
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FLIGHT TEST WITH .620 DIAMETER, 4.92 LONG PROPELLANT STICKS

METHOD OF IGNITION USED: _ELECTRIC/LAUNCHER TUBE - _STEEL

- //’; o0 &S )
Round No. Temp., Type of Vel. Oyt-of-Launcher Target Hit Elevation In

Prop. (F/S) Burning e Mills
263 +#130  No Rods 308 No Low Lef+ 80
264 +130 No Rods 296 No Low Center g0
265 +130 Al, Rods 308° ' No Low Center 90
266 =30 = No Rods . 266 No Low 100
267 -2 Mo Rods. =z No Center 1o
- 268 -30 Al. Rods 250 . No Center 110
269 +$130 , Al. Rods 308 No Center 100
b 270 =30 Al. Rods 286 No Center 110

EVALUATION OF RESULTS

It appears 'l'hafwl‘th an gdqujgnﬂﬁg[eyﬁflon of the launcher, suffl-
clent accuracy \wIH be obtained In spite of the lowered velocity flgures. Out-
of-launcher burning has been compietely eliminated, 11 was therefore decided ‘o
adopt combination No. | and freeze the design. There was no significant differ-
ence between conflguration No. | and configuration No. 2 (aluminum rods inside

propellant) to justify Into golng into combinatlion No. 2. A number of static

curves at the hot temperature show a rather marked peak for an extremely short

-3-
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time duration., The reeson for this was flrst thought fo be trouble with the
Instrumentation. However, after cerefully checking the Instrumentation and
the scope, It appeared certaln that these were vallid time-pressure traces.
The largest number of them gppeared In the last static test (14 August 1958),
The best exampie Is photograph No. 134, However, the mean pressure, maximum
pressure and burning time of such rounds ere satisfactory, and the impuise
obtalned would be so close to the Impulse obtalned from a trace such as shown
on photograph Nos. 112, 114 and 116, These traces show a plateau rather than
a marked peak. After careful study and evaluatlion of the statlic test results
and of the Impulse obtalned from the dynamic rounds, the coqc{usion was‘reached
that consistency will be satisfactory and the danger of motor fallures prac-

tlcally non-existent, The ballistic computation sheet for round Nos. 263

through 270 is shown in the appendix.

IGNITION AND ACCURACY

In order to complete the test run on 25 July 1958, two more rounds
were fired on 7 August 1958, These rounds were a repeat of round Nos., 249
and 251, The results were as follows:

RE-FIRING OF ROUND NOS. 249 and 251 ( SEE PAGE 4 of
JULY REPORT)

Round No, Temp. Comb, Vel. Target Hit Out-of-Launcher Comments
(E/S) _Burning
259 +140 2 340 Center None Re=flre of No. 249
260 +140 2 335 Center None Re~fire of No, 251
- 4 -
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it was not necessaery to re-flre the remalning rounds lost durlng the
test on 25 July 1958 since they belonged to the group with the screen In the
tgnlfer.' This design did not work at the low temperature and was therefore
abandoned.

In order to further conflrm ignition and interior balllstlics with
the new comblination in the lgniter and with the new propellant sticks, a
f1ight test of 10 rounds was conducted on 27 August 1958. On the previous
day one round, No. 27!, was fired at ambient temperature. This round had a
veloclty of 308" per second and with a launcher elevation of 100 mils went

over the target. The new Ignition system worked perfectly.

IGNITION AND ACCURACY AT 100 METERS; IGNITER: MODEL 4;

LEVER.OPERATED; TEMPERATURE -30°; LAUNCHER ELEVATION 110 MILLS

Round No. Vel. Target Hi+  Out-of-Launcher Comments
(F/s) Burning
272 286 Center Left/. * None Unstable
273 286 Center HIgh/’,ﬂf; None 5 Minite Delay Before
E Firing Caused by Faulty
2 Wiring
. LB L
274 286  Center High/.”  None Some Delay
275 286  Center High” —( None Some Delay
276 286 Center ﬂ % None Afterburn at 10 feet
7
277 286 Center | None 3 Minutes Delay
278 286  Center . None Afterburn at 4 feet
279 286 High Left 7 None Unstable
280 ; Motor Fallure
£
281 286 Center  —I None
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EVALUATION OF TEST RESULTS

With the exceptlon of round No. 280, [t may be stated that the accur-
acy and Ignltion on all rounds fired are satisfactory. The test was cSnducfed
with all rounds at the low temperature since ignition troubles and out-of-
launcher burning are most apt~ “to show up under those conditions. A motor
fallure occurred with round No. 280. This failure upon examlination proves fo
be a brittie one. It has to be noted that al! motors used In this test have
been fired two or three tlmes previously. The motors had been hard anodized
In order to reduce erosion., This process has been very successful in enabling
us to re-use motor bodies. However, a fallure of a motor which has been fired
repeatedly Is probably attributable to the repeated stresses to which It has
been sub jected.

The accuracy of the rounds were more than adequate for the purposes

~

set forth in the coniract. However, twormuds showed a certain amount of In-

stabliity. The final design of the tall fins will probably correct any such

poss}blllfy fn TheAfufure. The band to which the fins are attached In the
final design Is 1/8 of an inch wider, and there Is no possibility, however re-
mote, of any fins caltching In the fastening screws. |

This test = also checked out the retlable functloning of the new
fgniter firing pin design as shown In the sketch in the July Progress Report
(page'6). This will be further discussed in the launcher section of the report.

As a result of the above, the production order to the Harvey Alumlinum

Company on the flnal motor has been released, and the mo*orwgggigp, as well as

- S o AT e

-6 -
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the Igniter deslgn, may be considered final. A short test program wiil be

conducted In order to investigate whether a change can be made In the wey in
which the polyethylene Is put over the igniter assembly. This would ellimlnate
the raps of polyethylene In the throat area of the motor body and therefore
facilitate producing a vapor moisture seal In thatl area.

Vapor moisture test equipment |s expected to be avallable at cur
Rangeby mid-October, and tests as to water absorptlon In the motor cavity and

other vapor molsture testing will then be conducted.
JAIL FINS

The final test fins are in the process of being manufactured, and

test results have proven the tail fin design o be most sound and effective.

WARHEAD DEVELOPMENT PROGRAM

It 1s expected that flnal warheads will be assembled and loaded by
the end of September and that dynamic testing can then be conducted. A crush-
up test vs. time on the ogive has been conducted on the 4th of September with

the fol lowlng results:
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CONDITIONS: STEEL TARGET 40 FEET FROM LAUNCHER; CRUSH-UP OF
0GIVE COMPUTED AGAINST .00l SECONDS AS INDICATED BY TIMING
MARKS ON FILM; CAMERA SPEED 10,000 FRAMES PER SECOND; ALL
ROUNDS AT AMBIENT TEMPERATURE; OLD (HEAVY WALL) PROPELLANT,

Round No. vel, F/S. Crushed In Resulting Comments
001 Sec. Stand-Of f
286 364 3.6 2.6
287 248 3.5 2.7
288 348 3.5 2.7
289 No Plcture; Round
Too High
290 348 3.5 2.7

I+ must be observed that, since the old propeliant with Its resulting |
higher velocities wes used, a somewhat larger crush-up was to be expected than \
the crush-up obtalnable with the new propellant, The stand-oft resulting in '
this crush-up Is roughly 3/8 of an inch short of the 3' which have produced

the best results in static penetration tests to date. It is not known whether b o
v (\/

decreasing the stand-off under 3' would Incresse or decrease the penetration, _\
The target In this test was at a distance of 40 feet from the |auncher whlch
Is less than half the distance to be expected under actual combat conditions,

A somewhat lower velocity can be expected at 50 meters and a lower veloclty

—— i ;s

at 100 meters. The crush-up obtalned In this test Indicates that the oglve

léngth Is correct. [t must always be kept In mind that a design of an oglve

»80
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tor a mechanical fuze must always be a compromise. Conditions of Impact are

never exactly the same, However, functioning time of the fuze wlll be consis-
tent. |t follows that this will produce a variation In stand-off with any

glven ogive,

FUZE DEVELOPMENT PROGRAM

Fifteen static drop tests were conducted with three profoi'y.pe
fuze models, No. 4. The tests showed that se'h“g«bapk mw the fuzes
% satlsfactory and that the problem of bouncing has been overcome, The tests
were conducted by dropplng the fuze from a helight pf 20 fiee'l' on a steel plate,

P SONG Ma ’;e

In 'l'hree cases The fuzes were found only partly ar ‘ne/of the spring

plungers had started 'rhe rotatlon of the rotor. However, the second plunger
had not moved' forward to complete It, Some modlifications were made to the 7 .
drawlngs to ellinihate this condition, and a set of 50 components was ordered In
the mlddie of August. 11 Is expected that fuze assembliles wlll be avallable
for testing by late September, Dynamic test with the same three prototype

fuzes was conducted on 4 September 1958,

CONDITIONS: STEEL LAUNCHER AT O ELEVATION; ROUNDS
GRAZED EARTH AT APPROXIMATELY 60 YARDS. MODEL 4
FUZE PROTOTYPES WITH DUMMY DETONATORS USED: NEW

PROPELLANT
ound No. Vel, F/S Fuze Operatlon : Comments
283 308 CK CGrazed Flat et 60-70 Yards
284 A—— OK Grazed Flat at 60-70 YARDS
. 285)_ .. 296 Partly Armed ¢ Plunger Operating Second
- - _Part of Rotatlon Stuck
-0 -
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The fuzes used in this test contalned dummy detonators, and every
precaution was taken to damage the fuze parts as Il1ttle as possible In the
course of the test In order to make a thorough analysis of the parts after
firing. |

Round No. 285 did not fully arm. The plunger controlling the
second part of the rotation of the rotor did not move forward. Upon examina-
tlon of the fuze, It was found that a small chip had lodged In the hole con-
taining the locking ball operated by thls plunger. This appears to be the
only reason why the fuze did not fully arm. Further tests will have to be
conducted in order to determine whether a fuze wiil arm reliably., Based on
the test of 4 September 1958, It may be stated that graze sensitivity has been
greatly Improved and the safety pin design further checked out. All safety

pins released properly when the rocket was launched.

LAUNCHER DEVELOPMENT PROGRAM

An Inténsive program of obtaining stronger launcher tubes has been
underway, and two tubes of supposedly good strawgth characteristics have been
del lvered and tested, One was tested hydrostatically and showed a bursting
strength of only 900 psl. The other sampie tube which was obtalned was sub-
Jjected to a pendulum test at the Range when & cold round was flred through It
without Inner sieeve. Round No., 282 was fired at - 30°., A 5-pound welght was
attached to the launcher, A motion picture shows the marked motion of only 18",

However, no timing marks are avalable on the picture, and no lmpulse can therefore

- 10 -
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be computed. |[f comparing this result to previous results, It may be stated
that the Impulse Is of about the same order. After subjecting the launcher
tube to this test, It was hydrostatically tested for burst pressure. The
burst pressure was only 150 psl, This shows that this particular tube ls
unl lkely to be strong enough fo be used.

Three dlfferent suppllers have been consulted and are in the proééss
of making up some of the tubes for us to test, |t must be pointed out that
fallure of a launcher tube at the cold temperature occurred before the Inter=-
lor balllistics were changed.' The change of the [nterlor ballistics has caused
andecrease in burning time and a drop In pressure. |t Is therefore possible
that the old tubes will have sufficient strength. |t Is felt that all efforts
must be made to finallze with as strong a launcher tube as possibe In order to
have a maxImum safety factor without unduly Increasing the weight and cost of
the system,

The foliowing types of tubes are being investigated:

I. G. E. Textollte tubes parallel wound using an epoxy resin bond,
- Also, flberglas tubes from the same supp!ier.

2. Rlchardson Company paper tubes and cloth tubes using a |inen
base,

3. Babbitt Pipe Company, who has been supplying the tubes used for
testing until now.

As soon as sample tubes are recelved, they will be subjected to a
hydrostatic test to determine the bursting strength and dynemic tests on a

pendulum to determine launcher strength and to cbtaln further data on recoil.
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IGNITER ASSEMBLY

The new igniter assembly as shown In a cutaway view on Photograph
No. 140 (Appendix). The cross-plece used in the cutaway model was ma-
chined from an aluminum block. The tooling required for a new cross-plece
has been ordered, and It Is expected that components for static and dynamic
tests wiil be avallable by the middie of September.

The new design was statically tested without any fallure occurring
on 50 tests, Ten assembllies were used In the flight test of 27 August 1958,
All worked properly, Further work Is being done on determining the amount of
pull necessary to operate the new design. The feel of the trigger, with a
load of approximately igxggggéf_fquiCQd; Is slightly tlghter than the old
deslgn. o

Twenty sets of launcher components will be put into manutacture as

scon as the current test program justifles freezing the design. This will

make [t possible to tesT complete systems at both extremes of temperature.,

Evaluated vs. costs expended for the month c_Jz.g;;l..

Charles VB. Weeks
General Manager

$12,642.14
/" R s /— S
Thomas Forman
Project Englneer
- 12 =
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/07 B.7-(ADJ)=13 M.sS. |
MAX. PRESS = I, 333 PS5/ |

|  MEAN PRESS.: 3255 PS5/
| PRESS PREA = .07 |
|

|

Photograph No. 133

/0% B.7: (POU)= /2 MmS.

MmAX. PRESS. = G, 850 Ps/

MEAN PRESS.s 3,820 FS/
PRESS AREA:= .07

Photograph No. 134
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/0% B.7- (POU) = .EB /4 17 S.
MAX, PRESS. = I, 633 PSS/
MEAN PRESS.= 3,790 PS/
| PRESS. AREA = .08

!
[

Pho‘l’ograph No. 135

. 7. ) =/3 mSPs/
mAX, PRESS.< G, 08«4
MEAN PRESS. = P, 7850 PS/

PRESS. ARER= .08

Photograph No. 136
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PO ) = 13 mMS.

M AX. PRESS. x G, 833 PS/

| MEAN PRESS.= 3,940 PS/
| PRESS. AREA=Z .08

/0% 87T

Photograph No. 137

.........

/07. B.7. (ADu)= 15 ms.

MABX. PRESS. = 5,675 PSS/

MEPLN PRESS. » S, E4€/9 PS/
PRESS. PREA: 08

Photograph No. 138
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/0% B.7. (ADJ)= /6 MS.

MmoOxX. PRESS. = S,46 7 £PS/

MEAN PRESS. = 2,870 PSS/
PRLESS APEA= .07

Photograph No. 139

Photograph No. 140
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